Background: The acid-suppressive agents have been linked with an increased risk of infectious disease. The relationship between these drugs and Mycobacterium Tuberculosis (TB) was not been reported.
Background
Gastric acid plays an important role in decontamination of upper gastrointestinal tract. Following the widespread use of acid-suppressive agents [1] [2] [3] , which are the mainstream of treatment in peptic ulcer disease and acid reflux associated esophageal disease, its eliminating acid barrier effect had been implied the association with infectious disease. Proton pump inhibitor (PPI) had marketed for more than two decades, and several studies had mentioned its direct link to several enteric infections, such as Clostridium diffcile colitis, Salmonella enteritis [4, 5] and spontaneous bacterial peritonitis in patients with advanced cirrhosis [6] . In addition, some population-or hospital-based studies of respiratory tract infection also revealed the increased risk of nosocomial and community-acquired pneumonia in patients with PPI use, while the role of histamine 2 receptor antagonist (H 2 RA) was controversial [7] [8] [9] . Among variant respiratory tract infectious disease, Mycobacterium tuberculosis (TB) infection is still an important health problem in many developing countries. With the characteristics of latent and indolent phases and the emergence of drug resistance [10] , the resurgence of TB has great impact on public health [11] .
Unlike in developing countries, the disease used to be uncommon in developed countries, but it has re-emerged in the Western countries as a result of the acquired immunodeficiency syndrome (AIDS) epidemic therein as well as the influx of immigrants from developing countries [12, 13] .
Previous reports have shown a high prevalence of tuberculosis among patients who have undergone gastrectomy, and gastrectomy is considered to be a risk factor for the development of tuberculosis. [14, 15] But, the role of gastric acid in TB infection was still unknown.
To our best knowledge, there was no large study which examined the association between acid-suppressive agents and TB. Here, we utilized the database from Taiwan National Health Insurance (NHI) to evaluate its correlation under a population-based, case-control analysis.
Methods

Study population and source of data
The NHI program was implemented in Taiwan since 1995, and it offered a comprehensive, unified, and universal health insurance program to all citizens. The state-run Bureau of National Health Insurance (BNHI) contracted with 97% of hospitals as well as 90% of clinics. The BNHI collected all the administrative and claim data between March 1995 and December 2009, these data were anonymous.
The data was analyzed from the National Health Insurance Research Dataset (NHIRD), published by the National Health Research Institute (NHI) in Taiwan.
Taiwan's National Health Insurance program insures approximately 23 million people, 99% of its population. It offers complete freedom of choice among healthcare providers contracted with the NHI and comprehensive benefits including inpatient care, ambulatory care, dental care, and prescription drugs. The NHI resources, including physician visits, hospital care, and prescribed medications. Using this database, we can identify cohorts, track medical history, establish a prescription drug profile, and set endpoints when researching outcomes. Therefore, the NHIRD is one of the largest and most complete nationwide population-based datasets in Taiwan and there were no statistically significant differences in age, sex, and average insured payroll-related amount between the sample group and all enrollees.
This study used the 1996-2008 National Health Insurance Research Database (NHIRD) that is derived from NHI program which provided a database of 1,000,000 random subjects for research purposes.
Because these were secondary data, each patient's original identification number has been encrypted to protect privacy by a consistent procedure, so that the linkage of claims belonging to the same patient is feasible within the NHI Research Database.
Definition of TB infection/activation
We defined active TB from NHRID by compatible ICD-9-CM (International Classification of Disease, 9
th Revision, Clinical Modification) codes of TB (010-108) plus the prescription of two of four first-line anti-tuberculosis medications (rifampin, isoniazid, pyrazinamide, ethambutol) for more than 28 days.
All patients who had match TB inclusion criteria were included. Under this definition, both of new symptomatic infection and reactivation who need treatment were included. Theoretically, It also included pulmonary, extra-pulmonary, child and adult. Ultimately, 6,541 patients with TB were included in the study group. Their first ambulatory care visits was assigned as index ambulatory care visits.
Control group
Matched controls group for this study was likewise extracted from the Registry of Beneficiaries of the NHIRD. We randomly selected 65,410 control subjects (10 for every TB patient), matched with the study group in terms of age, sex and the year and month of index visit.
Comorbidity
Several underline diseases had been shown to increase the risk of TB infection/activation [16, 17] , we collected those ICD-9 coding as confounding variables. Furthermore, gastric acid-related gastrointestinal diseases which act as a predictor of using acid-suppressive medication were also included for comorbidity analysis ( Table 1 ). The definition of cormobidity was defined when those ICD-9 coding existed within 3 months before the diagnostic date of TB infection/activation. Exposure of acid-suppressive agents Acid-suppressive agents included PPI (omeprazole, pantoprazole, lanosoprazole, rabeprazole, esomeprazole) and H 2 RA (cimetidine, ranitidine, famotidine) which were marketed in Taiwan during the observing period. The exposure of acid-suppressive agents was considered when the average dosage was more than half of the defined daily dose (DDD) during the observing period. The defined daily dose (DDD) recommended by the WHO is a unit for measuring a prescribed amount of drug; it is the assumed average maintenance dose per day of a drug consumed for its main indication in adults. We estimated dose-response relationship by using the cumulative amount of PPIs redeemed during the past 90 days, past 180 days, past 1 year and past 2 year as four periods. Cut-off points were greater than 50% DDD and non-use.
Statistical analysis
Chi-square test was used to compare the distribution of sociodemographic characteristics between patients with and patients without TB. We characterized comorbidity (Table 1) 1 year before index date. The crude and adjusted ORs with 95% confidence intervals (CIs) of exposure for TB cases compared with control subjects were estimated using logistical regression. Previous diagnosis of comorbidity were either risk factors in univariate analyses of tuberculosis or were found to modify the OR for the association between acid suppressive agent and TB by at least 5% if included in a multivariate model. All these priori confounding factor were included in the multivariate analysis. Multivariate analysis was utilized to adjust variable confounding factors in order to identify the association between acid-suppressive agents and TB infection/activation. All the data processing and statistical analysis were performed with SAS 9.3 software.
Results
Between 1996 and 2008, there were 6541 patients who met the criteria of TB infection/activation. The characteristics of TB cases and controls were presented in In order to clarify the association of long-term use of acid-suppressive agents and TB infection/activation, we also observed the prevalence of PPI or H 2 RA use by definition of DDD higher than 50% within 6, 12 and 24 months before TB diagnosis (Tables 3 and 4) . The higher possibility of PPI use in TB cases was still noted in 6 months in comparison to controls (aOR, 1.29, 95%CI 1.29-1.30). However, the positive association disappeared in 12 and 24 months observing timeframe (Table 3) . Similarly, the decreasing trend of association between H 2 RA and TB following the extension of observing timeframe was also found ( Table 4) . As the result, the influence of acidsuppressive agents in TB infection/activation was fade gradually when the drug prescription period extended ( Figure 1 ).
Discussion
Acidic environment of stomach usually keep free from bacteria (except for Helicobacter pylori). Somehow, when stomach becomes less acidic, it loses this protective mechanism, and ingested organisms can survive and proliferate. [18] . It also can be the possible reason for the acid-suppressive agent with pneumonia. In Laheij et al. study, which 5,551 cases of community-acquired pneumonia developed in 364,683 people, found that the incidence of pneumonia was about 4.5 times higher in people exposed to acid-suppressive drugs (both PPIs and H 2 RA) than in unexposed individuals. [7] . Subsequent had the similar results discussing the association of PPI with community-acquired pneumonia. [9, [19] [20] [21] [22] [23] . Patients who developed community acquired pneumonia had higher odds of significant comorbidity conditions, including heart failure and chronic obstructive pulmonary disease. This possible association came to the attention of the general medical community. Although, the risk factors of pneumonia were complicated, the most important risk factor of pneumonia were aging, immunocompromised status and comorbility, [24, 25] which may overcome the importance of acid-suppressive agent.
Mycobacterium tuberculosis infection can present as an acute process and should be included in the differential diagnosis of community-acquired pneumonia. It is infected by Mycobacterium tuberculosis and may mimic classic bacterial pneumonia or masquerade as an atypical pneumonia, with nonproductive cough. Epidemiologic clues Mycobacterium tuberculosis share similar risk factor with community acquired pneumonia such as Diabetes mellitus, alcohol consumption, aging and HIV infection. In addition, intravenous drug abuse, immigration from countries of high prevalence, contact with Mycobacterium Abbreviations: TB, Mycobacterium Tuberculosis; CI, confidence interval; SD, standard deviation; NT, New Taiwan dollars; OR, odds ratio; HIV, human immunodeficiency virus; PPI, proton pump inhibitor; H 2 RA, histamine2-receptor antagonist.
tuberculosis cases were also under higher risk of TB. [11, 26, 27] . Gastrectomy had also considered an isolated risk factor of Mycobacterium tuberculosis. [14, 28] Gastrectomy can cause a poor nutritional status leading to poor immunity, and also leads to a poor nutritional status. [29, 30] . Long-term PPI therapy has been thought to be associated with micronutrient deficiencies, especially of iron and vitamin B12. [31] . However, the relation between acid suppressive agent and Mycobacterium tuberculosis infection was still unknown. In the present study, the risk of TB infection/activation increased when comorbidity existed, compatible with previous findings. After adjusting these confounding factors, acid-suppressive agents associated with an increasing of TB infection/activation. However, the longer duration the medications were prescribed, the weaker correlation it showed.
Two hypothesis was considered to the statistical association of TB and acid-suppressive agent. One was the acidsuppressive agent had influence to the host immune or nutrition status and cause the host sensitive to TB infection/reactivation. It effect declined with time. The other was initial TB presentation (chronic cough) mimicking acid-related disease and caused the prescription of acidsuppressive agent.
Here we defined acid-suppressive agent exposure as the average dosage during the observing period higher than 50% of DDD. The duration of acid-suppressive agent prescription suggested by NHI guideline was within 4 months after endoscopic diagnosis of peptic ulcers or reflux esophagitis. It seem that acid-suppressive agents were prescribed before TB infection/activation was diagnosed in 3 and 6 months subgroups. Interestingly, in comorbidity analysis, reflux esophagitis was also a risk factor of TB infection/activation. In clinical practice, the acid reflux might be on the list of differential diagnosis for cases who suffered from chronic cough, giving another chance that acid-suppressive agents were taken before anti-TB drug prescription.
The main strength of the present study lies in the use of a true population-based approach, with comprehensive medical records for personal health issue. However, there were some limitations. First, the TB prevalence in the present study was about 49.3 per 100,000 population per year, which was lower than the crude incidence (74.6 per 100,000 population) in Taiwan. [11, 32] The reason of underestimated prevalence might come from the definition of TB infection/activation we used, which combined coding system and anti-TB drug prescription record. Inactive TB and cases who had received complete treatment were eliminated from study group. On the contrary, utilizing prescription record could minimize the bias of miscoding. Second, the present study focused on the medical record from NHI research database, which did not include the acid-suppressive agents prescribed from overthe-counter medication. It might underestimate the effect of PPI and H 2 RA. Furthermore, it was also difficult to evaluate the drug compliance. Third, some risk factors associated with immunocompromised status, such as poorly controlled diabetes, underweight, malnutrition, were not available, and these factors were possibly influence the TB activation. Fourth, we separated arbitrarily the using of acid suppressive agent in the interval of 3,6,12,24 months and define the exposure as DDD exceeded 50%. This definition would blur the different influence of long-term, short-term, on-off prescription and on-demand prescription. Further prospective study would warrant to this issue. Undoubtedly, acid-suppressive agents are of great value for treatment of peptic ulcer disease, gastroesophageal reflux disease, or for prophylaxis against nonsteroid antiinflammatory drug-related gastrointestinal complications. Following the increase in PPI use in Taiwan [33] , the adverse effect of the drug needs to be further noticed. Similar as the possible role in community-acquired pneumonia, recent prescription of acid-suppressive agent seems to associate the TB infection/activation. Under the consideration of initial TB infection/activation mimic atypical reflux esophagitis, in the society where Mycobacterium tuberculosis was prevalent, evaluation of pulmonary TB was warranted before prescription of acid-suppressive agent.
